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ABSTRACT 

To study the  reactions of atomic oxygen it i s  desirable t o  have 

a supply t'nat i s  f ree  of metastable energetic species of molecular and 

atomic oxygen w"nich a re  formed i n  discharged oxygen and because of 

t h e i r  side reactions can lead t o  serious errors  i n  calculations.  There- 

fore,  the  homogeneous, thermal, gas phase decomposition of dry ozone was 

t r i e d  and found t o  be a sa t i s fac tory  source i f  t'ne residence time of 

ozone i n  the  furnace i s  careful ly  regulated by furnace length and 

ca r r i e r  gas flow., followed by rapid cooling of the products of 

decomposition. 
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INTRODUCTION 

During t h e  pas t  severa l  years  many s tud ies  of chemical 

react ions  1'2'3Yand recombination  rate^^'^'^ of  atomic oxygen have 

been made i n  t h i s  labora tory  f o r  a 6 e t t e r  understanding and predic t ion 

of  the  reac t ions  occurring i n  the  upper atmosphere wi th  regard t o  

1 )  re -en t ry  problems, 2 )  blackout, and 3)  o ther  m i l i t a r y  appl ica t ions .  

Throughout most of  t h i s  wvrk atomic oxygen was produced i n  an 

e lec t rode less  discharge exci ted  by microwave rad ia t ion  a t  2450 Mc/sec, 

generated by a Magnetron (Raytheon type QK-390) operated at input  

powers up t o  800 wat ts .  Although t h i s  has been t h e  un iversa l ly  

accepted manner o f  producing atomic species of  gases by many workers 

t h e  O-atom production i n  extremely pure 0 i s  qu i t e  low (.l t o  .2% of  
2 

t o t a l  0 flow through t h e  discharge) and recent  work 
2 

4,7,8 has shown 

t h a t  metastable energet ic  species of  0 a r e  a l s o  generated i n  t h e  
1 2 

discharge such a s  0 [ C 'A 3~ I. Under these  condit ions,  then, 
2 g' g J  g 

erroneous r e s u l t s  a r e  obtained i f  t h e  presence of  these  species i s  

not taken i n t o  account. 

One source should c l e a r l y  be t h e  homogeneous, thermal gas phase 
9 decomposition o f  ozone , 

0 + M - 0 + O2 + M, AH = +24.6 kca l  
3 (1) 

whereby a mole of  atomic oxygen could be obtained f o r  each mole of  

ozone decomposed. Ozone i s  e a s i l y  produced, e a s i l y  s tored,  and 

decomposes a t  a comparatively low temperature. 

This repor t  i s  a continuation and improvement on a method f i r s t  
4 used i n  work published e a r l i e r .  

Y 
Superscript nwnbers denote references which may be found on page 25. 

9 



THE EXPERIMENT 

The ozone was prepared from thoroughly dried cylinder 0 
2 

(Southern) by f i r s t  passing the  0 a t  one atmosphere through a quartz 
2 

tube, 1 cm i n  diameter, 30 cm long, packed with quartz chips, and 
0 

heated t o  1100 C, then through a column 90 cm long packed with zeol i te  

molecular sieve, type 5A, t o  assure the removal of hydrogenous 

impurit ies.  

The purif ied 0 s t i l l  a t  atmospheric pressure, then flowed 
2' 

through the  annular space of a Siemens-type ozonizer across which an 

ac voltage of 10-12 lcv produced 0.4 - 3% ozone. The resul t ing mixture 

of ozone and oxygen then flowed in to  a t r ap  containing 600 grams of 
0 

s i l i c a  gel (Davison, 6-12 mesh) which was cooled t o  -78 C, and upon 

which the  0 was adsorbed t o  a density of loading of 5-85, which 
3 

represents 30 t o  48 grams of ozone. A t  t h i s  temperature the 0 
3 

p a r t i a l  pressure over s i l i c a  ge l  i s  3 t o r r l O .  Higher 0 pressures a re  
30 

obtained by rais ing the  s i l i c a  gel temperature above -78 C .  Passing 

a car r ie r  gas over t he  ge l  for 0 elution one obtains a constant flow 
3 

of 0 plus  car r ie r  gas u n t i l  the density of loading drops o f f .  
3 

A major requirement was a means of measuring the concentration of 

t he  0 before and a f t e r  i t s  decomposition by thermal means. This 
3 

analysis system (Fig. I) consists of a Pyrex glass tube 115 cm long, 

equipped with a quartz window a t  each end, and connected t o  a vacuum 

pump. Light emitted from a mercury lm (Spectroline ~ u a r t z  Pencil 

 amp) placed a t  one end of the tube was collimated by a sui table  quartz 

lens ,  passed through l i g h t  f i l t e r s  t o  i so l a t e  the 2537 8 l i n e  as 

described by   ash all and hence through the 115 cm path length t o  a 

quartz condensing lens  and a 1P28 photomultiplier tube. The output of 

the photomultiplier was amplified and displayed on a Leeds and Northrup 

recorder. In  a l a t e r  system, the f i l t e r s  were replaced by a small 

grating monochromator (Farrand, No. 103420). The minimum analyzable 0 
-4 3 

pressure was about 0.5 - 1 x 10 t o r r .  
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F IGURE I. DIAGRAM OF APPARATUS 

b 
VAC. PUMP 

A .  PYREX TUBE, 115 CM LONG, 2.54 CM I D ,  WITH QUARTZ WINDOWS 

B .  0 3  TRAP 

C . 0 3  DECOMPOSITION FURNACE 

D. MERCURY LIGHT SOURCE 

E .  QUARTZ COLLIMATING LENS 

F. QUARTZ CONDENSING LENS 

G. MONOCHROMATOR 



The [01 was determined a t  the  downstream end of t h e  decomposition 

furnace by t h e  "gas t i t r a t i o n "  method 12'13 using ni t rogen dioxide.  

Not knowing what residence t imes i n  t h e  decomposition furnace 

would be most advantageous t o  produce a maximum concentrat ion of  atomic 

oxygen by t h e  complete decomposition of  0 t h e  decision t o  give t h e  0 
3' 3 

ample time f o r  decomposition was adhered t o .  For t h e  f i r s t  at tempt a 

muffle furnace ( ~ i g u r e  I I a )  wi th  a heat ing sec t ion  l a r g e  enough t o  

accommodate a quartz r eac t ion  tube 30 cm long, 2 .5  cm i n t e r n a l  diameter 

was used. Two j e t s  of compressed a i r  were placed a t  t h e  downstream end 

of t h e  reac t ion  tube t o  cool t h e  r e s u l t a n t  gas mixture. The furnace was 

f i t t e d  with a platinum, platinum-rhodium thermocouple f o r  temperature 

measurement. The furnace and i t s  accompanying quartz tube were connected 

t o  t h e  0 ana lys i s  system and a by-pass was i n s t a l l e d  around t h e  furnace 
3 

t o  allow a measurement of 10 1 before and a f t e r  decomposition. 
3 

To obta in  shor te r  residence times i n  t h e  heated sec t ion  f o r  0 
3 

decomposition, two smaller furnaces,  each of 4 inch length  were 

constructed.  Alundum tubing,  1t inch I D ,  was f i r s t  wound with a l ayer  

of asbes tos ,  then with coi led  "Nichrome" heating wire  with asbestos cord 

spacers t o  prevent t h e  individual  c o i l s  from shor t ing ou t ,  and f i n a l l y  

coated with cement ( J o h n s - ~ a n v i l l e  Refractory Cement, No. 20).  Each 

furnace had a res i s t ance  of  14  ohms. The two sect ions  were then 

mounted i n  s e r i e s  on a piece of quar tz  tubing 25 cm long and 2.5 cm OD 

with approximately 1 cm spacing between them. Thermocouples were 

placed between t h e  inner  wa l l  of  t h e  furnace and t h e  ou te r  w a l l  of  t h e  

quartz tube .  The downstream end of t h e  tubing was again cooled by a i r  

j e t s ,  and t h e  whole assembly ( ~ i g u r e  IIb) f i t t e d  i n t o  t h e  space 

previously f i l l e d  by t h e  o r i g i n a l  furnace 

As w i l l  be noted i n  t h e  discussion,  s t i l l  shor ter  residence t imes 

were advisable;  the re fo re ,  two more furnaces each o f  2 inch length  

were constructed i n  t h e  same manner as  t h e  4 inch furnaces and mounted 

i n  s e r i e s  on a p iece  o f  1 inch OD quartz tubing ( ~ i ~ . 1 1 c ) f o r  emplace- 

ment i n  t h e  same p o s i t i o n  wi th in  the  flow system. For more e f f i c i e n t  










































